As part of a wider study of the phenomena of epidemics among animals described by Flexner 1 and Amoss,"-the following series of experiments was undertaken to ascertain the varieties and degrees of resistance in normal and immunized mice to mouse typhoid baciUi of the paratyphoid-enterifidis group. The experiments were so designed as to bear directly on such questions as the relation of infectivity on the part of the microorganisms to the portal of entry into the body of the host and also on the influence of a possible local as opposed to a general immune state, the effect of which would be to alter or even to abate the danger of infection by the ordinary route traversed in nature.
Strain M. T. I I of a degree of virulence adequate to infect regularly per os, it was necessary to pass it through a series of mice b y intrastomachal inoculation. At autopsy, to guard against substitution, the identity of the recovered bacilli was always established b y means of fermentation and agglutination tests. Dosage was determined b y making use of the fact that cultures of Strain M. T. I I in plain broth of p H 7.4, when inoculated in small amounts, reached, after 14 to 24 hours incubation at 37°C., a relatively constant number; e.g., 1 billion per cc. With a 14 to 24 hour broth culture the approximate number of organisms contained in any dilution could thus be calculated. Intrapleural, Intraperitoneal, and Intrastomachal Inoculations.
Effects on Normal Mice of

Intrapleural Inoculation with Culture M. T. H . --T h e s e experiments
and others to follow were planned in order to ascertain the manner of resistance of mice to intrapleural injections of the cultures. The tests were made as follows:
9 mice with controls were given intrapleurally 0.2 cc. of a 16 hour broth culture of Strain M. T. II obtained from the stock agar tube. Interpreting these and all subsequent dilutions on the 1 cc. basis, 3 mice received 1:5,000 dilution, 3 received 1:50,000 dilution, and 3 received 1:500,000 dilution. At 2 hour intervals small amounts of fluid were aspirated from the infected pleural cavity. Films were made and 1 drop was transferred into fluid agar (48°C.), shaken, and poured. Colonies were counted after 24 hours incubation (37°C.). Table I summarizes the duration of life of experimental animals; the controls ran a similar course. days days days days 1: 5,000 5-1-3 1-6-3 1-1-3 2-4-1 : 50,000 5-5--6 Survlved*-3--5 4--10-7 5 + 1 : 500,000 6-7-5 15-9-14 10--6-6 8 A-
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The counts of the colonies on the plates, although not quantitatively accurate, were, nevertheless, of value in showing the relative changes in numbers. Such sources of error as dry puncture, irregularity of distribution of bacilli in the pleura1 exudate, and variation in size of drop, did not obscure the tendency of the bacteria after an initial lag of 4 to 6 hours to increase rapidly in number until the mice were overwhelmed (Table II and Text- fig. 1 ). 
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PhagoCells. cytosis. The series of events following the intrapleuml injection of fixed doses of a constant culture was quite regular, as was shown by repetition of the experiment just described.
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Intraperitoneal Inoculation with Culture M. T. H.--This experiment was the counterpart of the pleuml one immediately preceding. It was carried out as follows: aspirated from the peritoneal cavity. Films were made and 1 drop of the exudate was plated in the fluid agar (48°C.) medium. The colonies were counted after 24 hours incubation (37°C.).
The result is similar (Table III) ; after an initial lag, the bacilli multiply rapidly until they reach a high number at about the time death occurs, as is shown in Text- fig. 2 . TExT-FxG. 1. Bacterial growth in ~vo (intrapleural). from Table II. The events in the two experiments with pleural and peritoneal inoculation can be summarized as follows: if live cultures of this organism are injected intrapleurally or intraperitoneaUy into normal mice, there occurs an initial lag in the rate of bacterial multiplication lasting 4 to 6 hours, followed by a rapid and continual acceleration of 
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growth until the death of the ~.n~mal. To this rule there are exceptions in an occasional recovery or an undue prolongation of the survival period. The mice dying acutely exhibit few pathological changes, while those in which the infection pursues a more chronic course show macroscopically thick periton~eal or pleural exudation, and lesions of the lungs, liver, and spleen consisting ofhepatization,nodule formation, swelling, etc. The injected bacillus was always recovered from the heart's blood and organs.
Intrastomachal Inoculation with Culture M. T. II.--A fixed dose which ranged from 0.5 to 1 cc. of the broth culture diluted l: 100 was injected into the stomach through a stiff silver catheter attached to a suitable measuring syringe with rubber tubing. This slight procedure which assures ingestion of the culture can be carried through expeditiously and securely. Culture M. T. II could be kept at an approximately constant infecting level if passed through mice per os at frequent intervals. The injections per os were made about 3 hours after feeding.
Thus far, in spite of the control exercised over the origin and selection of the mice and the uniform treatment and dosage of the culture, some degree of fluctuation has attended the experiments in infection of normal mice per os. That irregularities would enter into this part of our studies was of course foreseen. It is highly probable that under ordinary conditions of propagation of an epizootic among mice by a representative of the paratyphoid-enteritidis group, infection takes place always per os, and yet we know that survivors invariably occur. Our experiments show that the survivors have no necessary relation to dosage of a given constant culture, although on the whole the animals receiving the larger doses are the ones tending to succumb. Table IV is intended to bring out the variations met with in a number of carefully planned tests.
In addition to the irregularities shown in these experiments, it happens that still greater ones are met with when instead of introducing the culture directly into the stomach of mice, the organisms are added to the food by soaking up the broth culture with bread which is then fed to the animals.
For this test the mice were assembled 6 per cage, and it was noted that they devoured the soaked bread voraciously on successive days without necessarily succumbing to infection. Although the stomachal injections and the feedings of broth cultures of Strain M. T. II did not consistently induce infection but rather brought out factors of variation, themselves illuminating when considered in relation to observed epizootics arising accidentally among mice, yet certain general features may be gleaned from the tests performed. An incubation period of about 5 days preceding the indications of infection or death was noted. There was no invariable relation between dosage and fatal infection; without reference to dosage or culture certain mice proved refractory. The type of infection was predominatingly chronic with regular involvement of the intestine, spleen, and liver, and occasional involvement of the lungs and heart. In all instances Strain M. T. II was recovered from the heart's blood and organs. Intrapleural, Intraperitoneal, Subcutaneous, and Intrastomachal Inoculations.
El~ects on Immune Mice of
The next tests related to the influence exerted by immunizing injections of dead or living bacilli on the subsequent inoculation of given doses of active cultures of Strain M. T. II. The experiments were arranged to bring out the effect not only of the immunizing action in general immunity but also of a possibly greater state of local immunity at the site of the protective inoculations. The live organisms were introduced into the pleural and peritoneal cavities and also into the stomach.
The killed cultures employed for the protective injections consisted of a 24 hour broth culture which had been heated to 55°C. for 2 hours and afterwards standardized and preserved with 0.3 per cent tricresol.
Intrapteural and Intraperitoneal Inoculation.--The kiUed bacilli, in doses of 250,000, were injected either into the right pleural or the peritoneal cavity, after which, at the expiration of a given period of time, living bacilli were injected into one or the other of these cavities, as shown in the protocols which follow. 12 mice were inoculated with 250,000 killed Strain M. T. II bacilli, 6 intrapleurally and 6 intraperitoneaUy, and 7 days later the inoculations were repeated. 9 days after the second inoculation the mice were divided into batches of 3 and injected with 0.2 cc. of a 1:1,000, 14 hour broth culture of Strain M. T. II either intrapleurally or intraperitoneally. 3 pleural "vaccinated" mice, along with 3 normal controls, were injected intrapleurally, another 3 of the pleural "vaccinated" mice, together with 3 controls, received the material intraperitoneally. At intervals, fluid was aspirated from the cavity into which the living bacilli were injected, films were made, and 1 drop was plated in agar. The colonies developing in the latter were counted after 24 hours growth. Tables VI to VIII  inclusive and Text- fig. 3 give in brief the results of the experiment. 
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Control. This experiment was paralleled by a similar one in which the "vaccination" had been made intraperitoneally, followed as before by the injection of living bacilli into the pleural or peritoneal cavity. The results in general were identical with the preceding: Table IX At er njec on . Bacterial growth in the pleural cavities of normal and "vaccinated" mice.
The experiments may be summarized as follows: Living bacilli injected into the control mice showed the usual lag of 4 to 6 hours, followed by a rapid increase in number until the death of the animal. These mice succumbed within 3 days after injection, showed few lesions at autopsy, and positive cultures from the heart's blood and organs. Living bacilli injected into the "vaccinated" mice were purtially destroyed and held in check by the protective mechanism of the animal body for 2 or 3 days. Subsequently the rate of bacterial multiplication increased gradually until the death of the animal. These mice succumbed within 18 days after injection, and showed at autopsy extensive local lesions as well as marked involvement of the spleen and liver. Cultures from the heart's blood, exudates, and organs were positive. The partial immunity following this type of treatment is entirely of a general nature; no essential difference in the progress of infection or ultimate protection is to be noted whether the mice are given the injection into the cavity which previously received the "vaccine" or into the cavity previously "unvaccinated."
Subcutaneous Inoculation.--
As a corollary to the above, 6 mice were "vaccinated" subcutaneously with a total of 150,000,000 bacilli given in two doses. 5 days after the second inoculation, twice the usual dose of living bacilli was given to 3 of the mice intrapleurally, 3 intraperitoneally, and to normal controls. Because of the larger dose of living bacilli, the controls died within 24 hours, while the average survival period of the "vaccinated" mice was 17 days. The progress of the infection, however, was to all intents and purposes identical with that in the mice "vaccinated" by way of the pleura and peritoneum and their controls.
Inoculation per Os.mThe ordinary, or as we say, natural mode of infection with mouse typhoid bacilli is by way of the gastrointestinal tract and hence the influence of the "vaccination" on infection per os was next studied. Since the preceding tests all indicate that the effects of protective inoculation with killed cultures on the progress of a subsequent injection of living bacilli are practically identical, however the "vaccination" is carried out, namely by the pleural, peritoneal, or subcutaneous route, the inoculation of dead bacilli in this experiment was made subcutaneously. 150 normal mice of approximately the same weight (16 to 18 gin.) and age (2 months) were segregated. To 120 of them 0.5 cc. of a 24 hour broth suspension of Bacillus M. T. II, previously heated to 55°C. for 2 hours, was given under the skin. The "vaccine," preserved with 0.3 per cent tricresol, was standardized to contain 500,000,000 bacilli per cc., so that each mouse received an initial dose of approximately 250,000,000 dead bacilli. 30 mice were set aside to be used as controls.
After an interval of 13 days, i0 of the mice having received one injection of the "vaccine" were given an intraperitoneal injection of 0.5 cc. of a living 14 hour broth culture of Mouse Typhoid II, diluted 1 : 100, and a second 10 of the "vaccin-ated" mice received the same dose into the stomach,by, silver,tube. Controls were injected intraperitoneally and per os with doses of 0.5 cc. of.thesame broth culture diluted 1:50 to 1:250. fig. 4 summarize the results of this experiment, which can be expressed as follows: A single subcutaneous inoculation of killed bacilli into mice confers a partial protection against subsequent introduction of live organisms per os as well as by way of the peritoneal cavity.
The remaining 100 "vaccinated" mice received a second subcutaneous injection of the killed cultures 14 days after the first. After the expiration of another 18 days, 20 of these mice were given 1 cc. of a 14 hour living broth culture of Strain M. T. II diluted 1:100 into the peritoneum, and 20 the same dose by stomach tube. Table XI and Text- fig. 5 summarize the results of the injections in these animals and in the controls.
TABLE XI.
Duralion of Life of Normal and "Vaccinated" Mice Injected Intraperitoneally
and Intrastomadmlly.
Mice.
Intraperitoneal control. * The "vaccinated" mice had received two subcutaneous injections previous to the intraperitoneal or intrastomachal injection.
t All survivors were discarded after 62 days.
The increase in partial protection following a second injection of "vaccine" is effective against the per os as well as the peritoneal portal of entry.
40 of the remaining "vaccinated" mice were given 25 days later a third subcutaneous injection of 250,000,000 killed bacilli, of which, after the lapse of another 10 days, 20 were injected into the peritoneum and 20 by stomach tube with the regular dose of I cc. of a 14 hour living broth culture diluted 1 : 100. The results are given in Table XII and differ from those in Table  XI only in the number of survivors among the "vaccinated" animals, which is much larger. It must be noted, though, that the increased protection from the third "vaccination" is somewhat more effective against the introduction of live organisms intraperitoneally than by way of the mouth.
The results of these experiments show that mice "vaccinated" subcutaneously with a certain mouse typhoid strain are partially 
Duration of Life of Normal and "Vaccinated" Mice Injected Intraperitoneally
and Intrastomadtally.
[ntraperitoneal control.
" "vacclnate&"* Per os control. t All survivors were discarded after 62 days.
protected against a subsequent introduction of the homologous live organisms intmperitoneally or per os, and that each dose of "vaccine" seems to confer a similar relative increase in resistance to the peritoneal or gastrointestinal route of infection. Again, given a fixed dose of this culture, it is clear that intraperitoneal injection into normal mice produces an acute type of disease, while the intrastomachal route is followed by a more chronic infection. It would appear, then, that a short interval of time is consumed by the organism in overcoming the natural defenses of the peritoneal cavity and that a longer period of time is necessarily consumed in overcoming the natural defenses of the gastrointestinal tract, and that this time relationship is retained in immune mice.
Immunization per Os.
The experiments described bring out the nature and the limitations of the immunizing process so far as it is affected by the use of killed cultures injected into the pleural or peritoneal cavity and the subcutaneous tissues. However, the parenteral introduction of the bacilli, whether living or dead, is, as it were, a circumvention of the ordinary or natural process of infection and even perhaps of immunization. Mouse typhoid, so called, is induced by the ingestion of certain paratyphoid-enteritidis strains; and it is to be supposed that in the course of an outbreak of mouse typhoid some animals ingest the cultures, resist infection, and survive. That this is not a hypothesis is shown by the observations of Amoss,* by the reported studies of Topley,* as well as by our own experiments related above on infection per 0$. The next step, therefore, in our experimental studies was to attempt immunization directly per os. Two general lines were pursued. Certain mice were fed fixed doses of the killed cultures and others were fed very minute mounts of living organisms, in both instances not once only, but over definite periods of time. Mice thus prepared were then tested for resistance by per os and intraperitoneai injection of living cultures in lethal doses. Protection was established by both methods, and in contrasting the results of the intrastomachal with the intraperitoneal injections, an attempt was made to determine the occurrence of a possible local gastrointestinal immunity.
Killed Cultures per Os.--The experiments to be described are somewhat intricate, but they are given in detail just because they bring out certain difficulties attending the systematic experimental investigation of mouse typhoid infections. 24 mice were fed daily for 30 days with bread soaked in a broth culture of Bacillus M. T. II, killed by heating to 55°C. for 1 hour. All the animals were living at the end of the feeding period, but during the next 30 days 12 died and at autopsy yielded cultures of Bacillus M. T. II. This latter point will be considered presently. The 12 survivors and 12 controls were then given by stomach tube 1 cc. of a living 1 : 100, 16 hour broth culture of Strain M. T. II. Of these, 1 "vaccinated" mouse died on the 12th day and yielded at autopsy a positive culture; 7 controls died within 20 days (Table XIII ). The 11 survivors were then tested for blood agglutinins and for carriage of Bacillus M. T. II. The blood serum of 5 mice agglutinated the bacillus completely and of 3 mice partially in dilutions of 1:200; 6 of the 11 mice proved fecal carriers of the bacillus. 6-7-8--9-12-17-20 No. of survivors.
11" 5
* "Vaccinated" survivors were used again after 37 days (see Table XIV ). The 11 mice were next injected intraperitoneally with 1 cc. of a 1 : 500 living broth culture 16 hours old. The control mice were similarly injected with dilutions of 1 : 100, 1:500, 1:1,000, and 1 : 10,000. Table XIV presents the result of these tests. While all the control animals succumbed to this active living culture, the treated animals successfully resisted many lethal doses. Not only had the 11 mice become refractory to intrastomachal injections of living cultures which at most converted them into "carriers," but they resisted intraperitoneal injections as well.
The following interpretations of this experiment are offered. The first 12 mice which succumbed to M. T. II infection may have responded to a possible very few living bacilli contained in the "vaccine" (control plates on 3 of the 30 days showed one or two colonies) or may have been infected by the attendant who, in caring for the mice, spread living bacilli from cage to cage. Although this was noted during the epidemiological experiments of Amoss, 2 it may be stated that in our own study great precaution ~as taken to avoid this complication and that numbers of other normal mice held as controls at the same time and throughout the experiments did not spontaneously develop mouse typhoid. Whether the surviving "vaccinated" mice which resisted the subsequent lethal dose per os were protected by the repeated and large doses of killed cultures or the very few possible live organisms which they may have ingested, cannot, from this experiment, be definitely stated; the former supposition, however, is very much more probable.
Living Cultures per Os.--Experimental data as well as observations on the manner of spread of the infection in epidemics of mouse typhoid all indicate that certain mice receive the bacilli of mouse typhoid into the stomach and intestines without succumbing to the disease itself. These facts, taken together with the effect of killed cultures fed per os in inducing resistance to infection by living bacilli, led to the employment of minute doses of the living cultures in order to develop this refractory state.
The procedure was as follows: A 14 hour broth culture of Strain M. T. II was fed to 18 mice, so that 3 received 1 cc. each of a 1:1,000 dilution every day, 3 received the same treatment with a 1:10,000 dilution; 3 received the 1:1,000 dilution every 2ud day, 3 the 1 : 10,000 dilution every 2nd day; 3 the 1 : 1,000 and 3 the 1:10,000 dilutions every 3rd day. Feedings were discontinued after 34 days. During this period and a subsequent 27 days, all except 7 mice had succumbed to infection with Bacillus M. T. II. The 7 survivors were distributed as follows: 1 from 1:10,000 every day group; 1 from 1:1,000 every 2nd day group; 1 from 1:10,000 every 2nd day group; 2 from 1:1,000 every 3rd day group; and 2 from I:10,000 every 5rd day group. The 7 survivors, along with 7 control mice, were now given by stomach tube 1 cc. of a 1 : 100 dilution of Culture M. T. II. Table XV shows the result.
The 6 surviving mice were tested (a) for agglutination and (b) for carriage of Bacillus M. T. II. The blood serum of 1 mouse agglutinated the bacilli completely in a dilution of 1 : 200, and 2 of the 6 proved to be fecal carriers. They were then injected intraperito~eaUy with 1 cc. of a 1:500 living broth culture 16 hours old. The control mice were similarly infected with dilutions of 1:100, 1:500, 1:1,000, and 1:10,000. 7 5-6-6-7-9-19-36 0 * This mouse showed no pathological lesions at autopsy. Heart's blood and spleen were sterile.
t Survivors were used again after 38 days (see Table XVI ). The results of this experiment are of considerable interest in that they bring out the varying capacities of mice of one age and condition to accommodate to sublethal doses of a given culture of Strain M. T. II introduced into the stomach. The response to wide fluctuations of dose is particularly informing. And the experiment shows unmistakably that the initially and doubtless reinforced refractory mice may come to resist intmstomachal or intraperitoneal doses of the living culture to which all controls succumb.
That protection is afforded certain mice by successive feedings either of heat-killed or living cultures of this paratyphoid-enteritidis strain is indicated by the above experiments. The next tests were devised to bring out the mechanism of this protection--whether, for example, it is a local process confined to the gastrointestinal tract or a general phenomenon operating against the subsequent injection of organisms introduced into the peritoneal cavity as well as into the stomach. 50 mice were tested for blood agglutinins in serum dilutions of 1 : 20 and 1 : 200. All were negative. Stool cultures of these mice showed no organisms of the paratyphoid-enteritidis group. "Vaccine" prepared as follows was then added TABLE XVII.
IntraperStoneal and per Os Injection of Strain M. T. II into Mice "Vaccinated"
per Os ~ritk Killed Cultures.
Intraperitoneal controls. daily to the feedings. 10 cc. of a 24 hour broth culture of Strain M. T. II, heated at 55°C. for 2 hours, were added to 40 cc. of milk, soaked up with bread, and divided roughly into ten parts so that each jar of 5 mice received approximately Icc. of the original "vaccine." This relatively small dose was continued over a period of 4 weeks. After an interval of 1 week, when it was seen that all the mice were in good condition, agglutination tests were again set up and stool cultures were taken, with negative results. 16 of these mice were then given intraperitoneally 1 cc. of a 1:100 dilution of a 24 hour broth culture of Strain M. T. II; 17 mice received the same dosage per os. Controls were injected intraperitoneally and per os with doses from 1:10 to 1:100,000. The duration of life in the series is analyzed in Table XVII . Intraperitoneal injection was lethal in a dilution of 1:100,000; the intraperitoneal controls were dead in 3 days. Of the "vaccinated" mice receiving the intraperitoneal injection, 30 per cent died on the 4th day, 75 per cent were dead on the 16th day, and 25 per cent survived over a period of 10 weeks. The animals receiving live organisms per os were somewhat irregular; 80 per cent of the controls succumbed, while only 55 per cent of the "vaccinated" mice died within a period of 10 weeks.
In this experiment we have established, therefore, as a response to the continued ingestion of killed organisms in small doses, a partial protection against live organisms introduced by mouth or by way of the peritoneal cavity, and this protection is in the nature of a general rather than a local immunity.
Finally, to show the general nature of the protection in a more striking manner, immunization was carried out with live organisms. Experimental.
Controls. T. II diluted 1:10,000 in milk. The total quantities were as follow~: 5 mice received 5, 5 received 7, 5 received 9, 5 received 11, and 5 received 13 feedings. Within a 20 day period, 6 of the fed mice succumbed to mouse typhoid infection. The second test for agglutinins was made 13 days after the feedings began and none were found. 23 days later, or 36 days after the experiment began, of 18 surviving mice, 7 showed blood agglutinins in 1 : 200 dilution. Only 1 mouse was determined to be an M. T. II bacillus carrier. This experiment was terminated by inoculating intraperitoneally the entire 18 survivors of the feeding series along with controls with 1 cc. of a 1 : 1,000 dilution of an 8 hour living broth culture of Strain M. T. II. Table XVIII As part of a more general study of mouse typhoid infection the experiments in this paper relate to the manner of interaction between the mouse and a native pathogen belonging to the paratyphoidenteritidis group. The results may be stated in s-mmary about as follows:
Among any considerable number of healthy mice of a given age and size a small number will prove refractory to inoculation with a minimum lethal dose of a mouse strain of Bacillus pestis cavil, no matter into what part of the body the proper injection is made. Minimum lethal dosage is, therefore, a highly relative matter.
Taking the far greater part of the mice chosen for experiment, however, the duration of life and type of infection depend on the dose, the site of injection, and on the individual resistance of the animals as ordinarily present or as artificially produced through immunization. Lesions found at autopsy depend somewhat upon the site of the injection, but chiefly upon the duration of life after the inoculation.
When fixed doses of this organism are injected into the pleura and peritoneum of normal mice, there occurs first an initial period of lag in bacterial growth, during which time--4 to 6 hours--the number of bacilli decreases; subsequently the bacilli multiply rapidly until death occurs, usually within 8 days. This demonstration in vivo of bacterial lag parallels in a rough manner the careful work of Penfold, s Chesney, 6 and Grahazn-Smith ~ on bacterial growth in vitro.
When mice are "vaccinated" with dead bacilli into the pleural or peritoneal cavity or even subcutaneously, the process of infection is altered. Live bacilli injected into the pleural and peritoneal cavities of such animals rapidly diminish in number and may apparently disappear entirely from the exudate. But usually after remaining at a low level for 2 or 3 days, they gradually begin to increase and continue a slow rise until death ensues, within about 18 days. Accord-5 Penfold, W. J., J. Hyg., 1914 , xiv, 215. 6 Chesney, A. M., J. ,Exp. Med., 1916 , xxiv, 387. r Graham-Smith, G. S., J. Hyg., 1920 ing to degree of "vaccination" the subsequent inoculation of live cultures may produce death only after a greater time period or may fall to kill.
Paul Ehrlich was probably the first to demonstrate the possibility of immunization by the gastrointestinal route, s By feeding ricin and abrin ,food cakes to mice, the animals not only developed a tolerance to the feeding of several lethal doses but resisted 400 lethal doses injected subcutaneously. Loeiiter, 9 Wolf, 1° Yoshida, n and Brtickner) ~ by feeding killed or living cultures of certain animal paratyphoid strains to mice, have established a definite immunity agains t the subsequent feeding in large doses of the homologous live organism. The controversy throughout this work as to whether the induced gastrointestinal immunity is local or general has been renewed by the recent work of Besredka with dysentery and paratyphoid bacilli on mice and rabbitsY He offers the somewhat startling hypothesis that not only is the gastrointestinal immunity entirely of a local nature, but that any mode of vaccination is followed by only one type of immunity--local: "Tout comme l'immunit6 naturelle, l'immunit6 artificlelle vis-a-vis des virus typhique et paratyhique repose sur celle de la paroi intestinale: elle est d'essence locale."
Throughout our work there has been no evidence of acquired local immunity as opposed to a condition of general immunity. The feeding of killed or living cultures of a mouse typhoid strain protects the mice against lethal doses of living bacilli injected per os or intraperitoneally. And when killed bacilli are injected into the pleura or peritoneum, those cavities are rendered no more resistant to the introduction of the living bacilli than when the "vaccination" is made subcutaneously. It seems, therefore, that protective principles following the introduction of killed or living bacilli into any part of the body operate against the later injection of living organisms, regardless of their portal of entry.
s Ehrlich, P., Deutsck. reed. Wock., 1891 Wock., , xvii, 976, 1218 9 Loeflter, F., Gdnksdtr. verstorb. Generalstabsarnt Armee .... v. Leutkold, 1906, i, 249. 10 Wolf, K., Mi~nck. meg. Wock., 1908, Iv, 270 . n Yoshida, E., Arck. ttyg., 1909 , lxix, 21. 12 Briiekner, G., Z. Immunit~tsforsck., Orig., 1910 . is Besredka, A., and Basseehes, S., Ann. Inst. Pasteur, 1918 , xxxli, 193. Besredka, A., Ann. Inst. Pasteur, 1919 A word should be said concerning experimental infection per os, the normal portal of entry. Whereas earlier writers have experienced difficulty in producing the disease in this manner, we have found it possible, within certain limits, to infect regularly. These limits, however, are subject to such fluctuations that results must be interpreted with caution. In these experiments two facts must be remembered: first, that all tests were conducted in large battery jars containing either 3 or 6 mice and that this constant contact factor must have raised the per cent of mortality in controls as well as experimental animals; secondly, that only wide deviations in mortality curves were considered as significant.
SUMMARY.
If live cultures of a mouse strain of Bacillus pestis ca~i~ are injected intrapleurally or intraperitoneally into normal mice, there occurs an initial lag in the rate of bacterial multiplication lasting a few hours, followed by a rapid and continued acceleration of growth until the death of the animal.
If live cultures of this organism are given per os to normal mice, there occurs an incubation period of 5 to 6 days, after which the animal usually develops symptoms of disease and succumbs. A small percentage of mice, however, proves refractory to infection by this route.
If live cultures of this organism are injected intrapleurally or intraperitoneally into mice previously "vaccinated" intrapleurally or intraperitoneally, they are partially destroyed and held in check by the protective mechanisms of the animal body for 2 or 3 days. Subsequently the rate of bacterial multiplication increases gradually until the death of the animal. The partial protection following this type of "vaccination" is entirely of a general nature; no evidence of a local immunity has been obtained.
Mice given one, two, or three subcutaneous doses of "vaccine" show a similar relative increase in resistance to the subsequent intraperltoneal or per os injection of live organisms.
Feeding mice live or killed cultures of this organism induces a definite protection against subsequent intrastomachal and intraperitoneal injections of live organisms. The immunity developed in this way is also of a general as opposed to a local nature.
